A Line-Selection Method of Data Fusion Based on Neural Network  by Yun-feng, Xiong et al.
Procedia Engineering 29 (2012) 520 – 525
1877-7058 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2011.12.754
Available online at www.sciencedirect.com
Available online at www.sciencedirect.com
 
           Procedia Engineering  00 (2011) 000–000 
Procedia
Engineering
www.elsevier.com/locate/procedia
2012 International Workshop on Information and Electronics Engineering (IWIEE) 
A Line-Selection Method of Data Fusion Based on Neural 
Network 
Xiong Yun-feng*, Wang Shisheng, Zhang Wenqian 
College of Information Engineering, Nanchang UniversityNanchang, China 
 
Abstract 
In distribution network, the single-phase ground fault accounted for 80% of all distribution networks’ 
fault. How accurately, rapidly to diagnosis faults lines are practical issues that electrical engineers often 
meet with. The current of small-current system is so little that could be easily affected by the environment 
changes and the influence parameters of itself. The single method of line selection cannot conform to the 
requirements. In this paper, the fifth harmonic of zero-sequence current, line’s power and energy of the 
zero-sequence current are used as the fault feature. Based on the three characteristics and BP neural 
network, the multi-information line selection was operation. The results of simulation indicate that the 
multi-information line selection method is much better than the single line selection methods. 
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1. Introduction 
In our country the distribution network less than 35 KV power generally adopts the small current 
grounding mode. This kind of operation mode, when happen single-phase grounding, because cannot 
constitute a low-impedance short circuit loop, the current of faulty circuit lines is very small, so how to 
quickly, accurately, efficiently find fault line becomes a topic that more and more people attention. Since 
the 1980s, the researchers in China put forward a variety of line selection method, But the practical effect 
is not ideal [1-2]. In recent years, People start with the transient zero sequence current, take advantage of 
the fault characteristics of transient zero sequence current to line selection. Literature [3-4] is presented 
based on Wavelet and wavelet packet faulted line selection method; Literature [5] are given based on the 
 
*Corresponding author. email: 175054095@qq.com
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
521Xiong Yun-feng et al. / Procedia Engineering 29 (2012) 520 – 5252 W. Mei et al. / Procedia Engineering 00 (2011) 000–000 
)(iH
fifth harmonic method for faulted line selection; Literature [6] are given based on the zero sequence 
active component of current faulted line selection method; Literature [7-10] also lists a number of 
research findings in fault line selection; But they have their own limitation. Based on the fault transient 
signal energy, such as he five harmonic, power and a so on this paper presents a neural network 
information comprehensive faulted line selection method, MATLAB simulation shows that the line 
selection accuracy rate is close to 100%. 
2. Small Current Grounding Modeling and Simulation 
As shown in Figure 1 of the distribution network line, the voltage of enter circuit is 35 KV, 50 HZ. 
The number of outgoing lines is 8, length of these lines between 1 KM to 20 KM. Line parameters are as 
follows: Positive resistance: 0.01273 / kmΩ ; Positive inductance: 0.9337e-3 /H km , Positive capacitance: 
12.74e-9 /F km ; Zero sequence resistance: 0.3864 / kmΩ ; Zero-sequence inductance: 4.1264e-3 /H km ; 
Zero-sequence capacitance: 7.751e-9 /F km . Neutral non-grounded systems, when Line 1 happen single-
phase grounding fault, Used distributed parameter module which provided in SIMULINK to is 
established the simulation model. 
 
 
 
 
 
 
 
Figure 1. Circuit diagram of distribution network                        Figure 2. Amplitude circuit of the fifth harmonic 
2.1. Fifth harmonic simulation waveform 
Figure 2 shows the fifth harmonic amplitude value of the zero-sequence transient current in a certain 
parameter, H1, H2，…, H8, According to equation (1) calculation. 
                                                                                                                                                                 
 (1) 
 
In formula (1), is sampling value, and sampling period is 10 us. 
As figure 2 shows fifth harmonic amplitude value of faulted line L1 is much larger than the non-
faulted line L2-L8, so According to the amplitude can judge the faulted line. 
2.2. Active power simulation waveform 
Figure 3 is the zero sequence transient power signals in a certain parameter. According to equation (2) 
calculation we can get the value of Q1, Q2,…, Q8. 
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Figure 3. Active power of the circuit                                      Figure 4. The signal of zero-current 
 
 (2) 
In formula (2), )(iP  is sampling value, and sampling period is 10 us. 
Figure 3 shows，the zero sequence power direction of the faulted circuit L1 is in contrast to non-
faulted line L2-L8. Faulted line zero-sequence power greater than the non-faulted line. 
2.3. Wavelet energy simulation waveform 
Figure 4 are the zero sequence current signals S in a certain parameter, using db 10 wavelet, make S 
to Five layer decomposition, is equal to i node of fifth floor (i=1, 2…, 31,), Signal S can be 
expressed as formula (3): 
 
                                                                                                                                                                      (3) 
The zero sequence current signal energy contains the quadratic sum of weighting coefficient of each 
node, so E1, E2,…, E8, according to equation (4) calculation: 
 
                                                                                                                                                                      (4) 
 
Figure 4 shows，the zero sequence current direction of the faulted circuit L1 is in contrast to non-
faulted line L2-L8. And it’s amplitude difference is very big also, so the Wavelet energy of faulted line 
are also very different from non-faulted line. 
3. Data Processing Based on Fault-degree Way [2]
In order to realize the line selection method of fault information fusion based on multiple criterions, 
only use single faulty line selection method cannot obtain a satisfied result, therefore we hope that each 
criterion according to the respective characteristics to quantitative measure of the sign degree of the 
faulted line. And then the fusion decision aspects do comprehensive decision, last, given the line selection 
result. This normalization method called fault-degree way, it is better than simple normalization method. 
Fault measurement function definition: In this paper, the fault measurement values defined as a real 
variable among [-1, 1], the fault measure closer to 1 indicates that it is more likely to be the faulted line, 
but if the fault measure closer to -1 indicates that it is more likely to be the non-faulted line. Suppose, 
there are N lines in the grid, using P kind of line choosing methods, On the k (k=1，2，…，N) line 
using the p(p=l，2，…N) method, this kind of selection method construct the fault-degree way is :  
 
                                                                                                                                                              (5) 
In the above formula (5), is relative fault measurement function, is the absolute fault 
measure function. Now, determine the following two rules: 
Rule 1: If the fault-degree of the line in distribution network greater than 0.7 judgments for the fault 
line, and If the fault-degree of the line in distribution network less than -0.7 judgments for the non- fault 
line, Fault measurement between in [- 0.7, 0.7] the line cannot to be judged. 
Rule 2: If the fault-degree of all of the lines in a distribution network is less than - 0.7, judging as Bus 
bars fault. 
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3.1. Fault-degree function of fifth harmonic 
We can see from the above simulation, the fifth harmonic of fault lines is far greater than the non-fault 
line, and the phase angle difference with the non-fault circuit, so when the lines of the fifth harmonic 
current direction the same with most of the other line in simulation system, we define the measure 
function as follow formula (6). 
 
(6)                                                                                     (7) 
 
When the directions are deferent form the most of the other line in simulation system, we define the 
fault-degree as follow formula (7). 
The greater proportion of the zero sequence current fifth harmonic of the Line occupation ratio in total 
harmonic, the higher the credibility of the method is may be, and then the absolute fault-degree can be 
defined as formula (8). 
 
(8) 
 
3.2. Fault-degree function of zero sequence current active power 
The active power of faulty line is far greater than the non faulty line, Moreover, the direction is 
different from non faulty line, So when the direction of the line active power the same with most other 
lines, we can define fault-degree function as formula (9). 
 
                                                                      (9)                                                                                     (10) 
 
But when the directions are deferent form the most of the other line in simulation system; we define 
the fault-degree function as follow formula (10).  
The greater proportion of the active power occupation ratio in the apparent power, the higher 
credibility of the method may be, so the absolute fault-degree can be defined as formula (11). 
 
                                                                             (11) 
 
3.3. Fault-degree function of zero-sequence current wavelet energy 
The wavelet packet decomposition of fault zero-sequence current has larger energy, and the polarity is 
opposite with the non-faulted line zero-sequence current, therefore, we can be defining fault-degree 
function as formula (12). 
 
                                                                  (12)                                                                                     (13) 
 
When direction of the line zero-sequence current the same with Most of the lines, we define the fault-
degree function as formula (13). 
In a line, the greater proportion of the characteristic frequency band total energy occupation ratio in 
total amount of features energy, the higher credibility of the method may be, so the absolute fault-degree 
can be defined as formula (14). 
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                                                                         (14) 
4. Establishing Neural Network Model and Comprehensive Faulty Line Selection 
4.1.  Establishing neural network model 
As shown in figure 5, faulty line selection of neural network model using BP network. The fault-
degree value of wavelet energy ( 1PX ), the fifth harmonic ( 2PX ) and active power（ 3PX ） treat as the three 
input of neural network model. And Y is model output. ijW , jpV , pqU  is transfer weight matrix between each 
layers. The neural network model which contains two hidden layer is a 4-layer forward neural network, 
with 3 input nodes and 1 output nodes, the first hidden layer has 5 nodes, and second hidden layer has 4 
nodes. 
 
 
 
 
Figure 5. BP neural network 
4.2. Setting up test sample
Because the three inputs of neural network is a number range between [-1, 1], so hope to form related 
expression, such as ( SΣ :Y) = (-3:-1),(-2:-0.9),…,(-1:-0.75)…(3:1). 
Determine the value of X in 0.5 intervals, we can obtain 125 groups of samples, such as: [-1,-1,-1:-1],[-1,-
1, 0:-0.9],…,[0, 0, 0:0],…, [1, 1, 1:1]. After the sample learning we can obtained a neural network model, 
and then, using samples data samples obtained from MATLAB simulation to testing the neural network 
model, at last, get the simulation results as shown in Table 1. (In the table, K is the distance from fault 
point to the bus bar, the unit is km. θ is the angle of fault zero sequence current, unit is degree. IN / OUT 
is the three inputs and one output for the neural networker, R is the grounding resistance in ohms, L1-L8 
is the eight lines of the grid. 
Table 1 Testing data of training simulation 
K θ R IN/OUT L1 L2 L3 L4 L5 L6 L7 L8 
1PX  0.5139   --0.3333   -0.7546   -0.8710   -0.9572   -0.9650   -0.8787   -0.9594
2PX  0.7988   -0.6550   -0.6529   -0.6515   -0.6497   -0.6473   -0.6488   -0.6477
3PX  1.0000   -1.0000   -1.0000   -1.0000   -1.0000   -1.0000   -1.0000   -1.0000
 
100 
Y 0.8793 -0.9518 -0.9762 -0.9812 -0.9845 -0.9847 -0.9830 -0.9861
… … … … … … … … … … 
1PX  0.3026   -0.3314   -0.6681   -0.7692   -0.6750   -0.8041   -0.7868   -0.8338
2PX  0.8132   -0.6659   -0.6648   -0.6640   -0.6615   -0.6596   -0.6609   -0.6586
3PX  0.8264   -1.0000   -1.0000   -1.0000   -1.0000   -1.0000   -1.0000   -1.0000
 
 
 
 
5 KM 
 
0 
 
2000 
Y 0.8437 -0.9525 -0.9727 -0.9775 -0.9734 -0.9788 -0.9796 -0.9800
… … … … … … … … … … … … 
1PX  1.0000   -0.6435   -0.9635   -1.0000   -0.9901   -1.0000   -1.0000   -1.0000
2PX  0.7928   -0.6512   -0.6496   -0.6466   -0.6463   -0.6363   -0.6441   -0.6448
 
 
 
 
 
 
 
100 
3PX  0.9634   -1.0000   -1.0000   -1.0000   -1.0000   -1.0000   -1.0000   -1.0000
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Y 0.9220 -0.9707 -0.9817 -0.9822 -0.9818 -0.9814 -0.9829 -0.9830
… … … … … … … … … … 
1PX  0.7879   -0.4926   -0.8229   -0.8995   -0.9216   -0.9740   -1.0000   -1.0000
2PX  0.7982   -0.6538   -0.6541   -0.6520   -0.6497   -0.6454   -0.6484   -0.6465
3PX  0.9113   -1.0000   -1.0000   -1.0000   -1.0000   -1.0000   -1.0000   -1.0000
 
1 km 
 
90 
 
2000 
Y 0.9020 -0.9623 -0.9793 -0.9824 -0.9868 -0.9872 -0.9889 -0.9883
5. Conclusions 
We can see from the above simulation, If only using wavelet energy method for fault line selection, In 
280 groups of test data, there are 45 groups occurred wrong or unable to judge the ground wire, Line 
selection accuracy rate is 83.92%. However, using active power faulty line identifying method alone for 
line selection, most of fault-degree value between in [-0.7, 0.7], Unable to determine which line is fault 
line; also, the effect is not good. While comprehensive fault line selection is considering various fault 
characteristics, collection of a variety of factors for line selection, in the ideal condition, the 280 groups 
test data are all accurate judgment, the accuracy rate reach up to 100%, and fault-degree values are close 
to 1 or -1, this result is very good. 
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